Introduction
============

The inflammatory process is the initial host response to an aggression from various stimuli and plays a crucial role in removing the cause of the aggression and repairing tissues. Inflammatory diseases typically present at different stages: 1) An acute phase, during which the first responder cells are quickly recruited to face the immediate threat, which is usually characterized by increased permeation, recruitment of neutrophils and increased blood flow; and 2) a long-lasting phase, possibly evolving into chronic inflammation, with a shift in the balance of the recruited cells, particularly activated fibroblasts responsible for the generation of fibrous tissue. The resulting extensive fibrosis and an associated loss of function of the affected tissue stems from the overwhelming deposition of connective tissue, disrupting the integrity and balance of the extracellular matrix (ECM) [@B1]. Evidence shows that several major pathologies, such as Rheumatoid Arthritis (RA) [@B2], end-stage liver diseases [@B3], idiopathic pulmonary fibrosis [@B4], Crohn\'s disease [@B5] and cancer [@B6], have chronic inflammation as either a driving force or as a major component of the worsening of the associated symptoms and will show signs of ECM alteration during their different stages.

Imaging the different components of connective tissue, such as collagen, fibrinogen or notably fibronectin, has been routinely performed *ex vivo* using different histological techniques, from eosin and fluorescent microscopy, and more recently *in vivo* on tissue surfaces using second harmonic imaging microscopy to highlight collagen distribution [@B7]. However, noninvasive *in vivo* imaging, particularly as a clinical modality, remains a challenge, as optical-based techniques that are used *ex vivo* do not have the necessary penetration depths and most whole-body imaging technologies are blind to fibrous tissues. Magnetic Resonance Imaging (MRI) has provided interesting results in the last decade by using contrast agent-based collagen targeted gadolinium (Gd) techniques [@B8], [@B9], relying on a comparison of pre- and post-injection images. Magnetic Resonance Elastography has also proven to be an interesting method for looking into connective tissue-induced changes in the mechanical properties of tissue, but does not provide any molecular information [@B10]. Positron Emission Tomography (PET), the molecular imaging technique of choice in clinics due to its superb detection sensitivity, has shown promise in imaging fibrotic events [@B11], notably through the use of targeted radiotracers (chemical compounds with radioactive isotopes that can be monitored in nuclear medicine imaging) for specific ECM components such as collagen subtypes [@B12], [@B13] or fibronectin [@B14]. For the interested reader, comprehensive reviews have recently been published on the topic [@B15], [@B16]. However, to the best of our knowledge no current technique allows for a global overview of fibrotic events, from the disruption of the vessel walls inducing an exposure of the ECM to actual building of new fibrous tissue.

To overcome these limitations, we investigated how a fusion protein based on the soluble human IgG1 Fc domain and the extracellular part of platelet glycoprotein VI (GPVI), GPVI-Fc, a type I trans-membrane glycoprotein expressed on platelets and responsible for the recognition of and adhesion to the ECM, could be used as a targeting moiety for PET assessment of fibrosis during inflammation (**Figure [1](#F1){ref-type="fig"}A-B**).

While initially developed for use in atherosclerotic patients as an antithrombotic agent devoid of influence on general hemostasis in humans [@B17], GPVI-Fc was shown to have a high affinity to multiple components of the ECM, such as collagen [@B18], fibronectin[@B19] and notably fibrinogen/fibrin [@B20], with *K*~D~ values of around 2 µg/mL [@B19]. We, thus, developed an efficient ^64^Cu labeling method to initially yield \[^64^Cu\]Cu-NOTA-GPVI-Fc (^64^Cu-GPVI-Fc, **Figure [1](#F1){ref-type="fig"}B**) for atherosclerosis [@B21], and show herein its potential as a fibrosis-driven PET imaging agent in selected inflammatory disease models: a trinitrochlorobenzene (TNCB)-induced cutaneous delayed-type hypersensitivity (DTHR), giving access to both acute and chronic inflammation states [@B22]; anti-glucose-6-phosphate isomerase (GPI)-serum induced rheumatoid arthritis (RA), a chronic inflammation model presenting extensive permeation of the synovia with a progressive appearance of a fibrous cap; lipopolysaccharide (LPS)-induced subchronic lung inflammation, devoid of fibrosis; and experimental autoimmune encephalomyelitis (EAE), a progressive spinal cord and brain inflammation model presenting light fibrosis around capillary vessels. All of these models are imaged multimodally and noninvasively *in vivo*. *Ex vivo* histological validation revealed colocalization of the targeted contrast agent with several proteins of the ECM and a selective accumulation at the inflammation sites correlating with a physiological examination, pointing at a potential novel solution for imaging chronic inflammation clinically.

Methods
=======

Labeling of the molecular imaging biomarker
-------------------------------------------

**Chelator conjugation:** GPVI-Fc (Revacept®) was provided by advanceCOR GmbH (Martinsried, Germany). All reagents for the conjugation process were from standard commercial suppliers, and the lowest metal content available quality was purchased. All buffers were treated with 1.2 g/L of Chelex 100 (sodium form, Sigma-Aldrich, Taufkirchen, Germany) to avoid metal contaminations. GPVI-Fc was chelator-conjugated using p-SCN-Bn-NOTA (2-S-(4-isothiocyanatobenzyl)-1,4,7-triazacyclononane-1,4,7-triacetic acid (Macrocyclics)) following the procedure in the literature[@B23]. Briefly, 2.5 mg/mL Revacept® dissolved in a PBS solution containing 4% mannitol and 1% saccharose was pretreated with 0.1 M ammonium acetate containing 50 mM EDTA (pH 6, 5 µL per mg of protein) to remove metal contaminations (30 min, r.t.). The buffer was exchanged by repeated ultrafiltration using 0.1 M HEPES (pH 8.5) and Amicon Ultra-15 centrifugal filter units with a molecular weight cut-off of 30 kDa (Merck KGaA, Darmstadt, Germany). The protein concentration was adjusted to 8 mg/mL. p-SCN-Bn-NOTA was dissolved in DMSO and added to the antibody at a 15x molar excess, followed by overnight incubation at 4 °C. Subsequently, the conjugated protein was purified from excess chelator and buffered with 0.1 M ammonium acetate with a pH of 6 via repeated Amicon Ultra-15 centrifugation. The protein concentration was determined to be 14.7 mg/mL in the final NOTA-GPVI solution. For further quality control the product was tested for chemical purity (size-exclusion HPLC), radiolabeling properties (see below) and endotoxins.

**Radiolabeling:** ^64^Cu was produced using a PETtrace cyclotron (16 MeV; GE Medical Systems, Munich, Germany) by proton irradiation of ^64^Ni on a platinum/iridium plate (90/10) (approx. 30 mg, \> 95% enrichment; Chemotrade Chemiehandelsgesellschaft mbH, Dusseldorf, Germany) and separated from metal impurities using ion-exchange chromatography (AG1x8, Bio-Rad Laboratories, Munich, Germany), according to a modified procedure [@B24]. For radiolabeling [@B23], NOTA-GPVI was incubated with ^64^CuCl~2~ at a ratio of 2 µg/MBq for 1 h at 42 °C. Then, 1 µL of 20% Ca-DTPA (injection solution for human use, Heyl, Chem.-pharm. Fabrik GmbH, Berlin, Germany) was added to the radiotracer solution for quenching and complexing unreacted ^64^Cu, followed by dilution with PBS and sterile filtration. Quality control samples were analyzed for appearance, identity, chemical and radiochemical purity (TLC, SE-HPLC), pH, radionuclidic purity (gamma-spectrometry), endotoxins, and sterility.

Mouse models and experiments
----------------------------

All animal experiments were performed in accordance with the local guidelines and with approval from the local authorities (German Animal Protection Law protocols for animal use and care, Regierungspräsidium Tübingen). Animals were purchased from Charles River Laboratory. Animal handling was performed under anesthesia using 1.5% isoflurane vaporized in 100% oxygen at 1.5 L/min. Animals were randomly assigned to various experimental groups. To avoid bias, all experiments and processing were performed blind.

**Cutaneous delayed-type hypersensitivity**[:]{.ul} Mice (8-12 weeks old, C57BL/6J) were sensitized by an application of 80 µL of a 5% TNCB (Fluka, Switzerland) solution (dissolved in acetone:Miglyol 4:1; SASOL, Witten, Germany) on their shaved abdomen. After one week, mice were challenged on both sides of their right ear with 20 µL of 1% TNCB (dissolved in acetone:Miglyol 1:9), using a pipette for local topical application. Challenges were repeated every 2 days, with a maximum of 5 times for chronic DTHR induction [@B25]. ^64^Cu-GPVI-Fc injections for PET imaging were performed i.v. approximately 12 h after the final TNCB challenge.

**Rheumatoid arthritis model:** Glucose 6-phosphate isomerase (GPI) serum was obtained from generation 1 of 2-4-month-old K/BxN mice. Control serum was obtained from 2-3-month-old C57BL/6J mice. Sera were pooled and diluted 1:1 (v/v) with saline [@B26] before intraperitoneal injection of 100 µL into female BALB/c mice between 8 and 12 weeks of age (Charles River, Sulzbach, Germany) to elicit rheumatoid arthritis. ^64^Cu-GPVI-Fc injection was performed i.v. three days (acute) or six days (chronic) after serum injection.

**Experimental autoimmune encephalomyelitis (EAE) model:** Active EAE was induced by subcutaneous immunization of female SJL mice with 75 µg of PLP139-151 Peptide in Complete Freund´s Adjuvant (CFA) in the calf and i.p. injection of 200 µg of pertussis toxin (Calbiochem) as previously described [@B27]. The choice of this injection location was made to elicit a gradual response starting from the lower spine. An i.v. injection of ^64^Cu-GPVI-Fc was performed on day 3 after induction.

**Subchronic lipopolysaccharide (LPS)-induced lung inflammation model:** Sprague-Dawley rats were intratracheally deposited with 0.1 mg/kg LPS using a bronchoscope application method for 2 days, 1 day and 1 h before an i.v. injection of the ^64^Cu-GPVI-Fc bolus to elicit lung inflammation. Procedures were performed under anesthesia.

**Target blocking experiments and labeled-isotype antibody experiments:** Blocking experiments aimed at confirming the targeting properties of GPVI-Fc were performed using unlabeled GPVI-Fc. One mg/mouse GPVI-Fc was injected i.v. directly before radiotracer injection, resulting in competitive binding of the two fusion proteins. The isotype antibody, a humanized JF5 antibody targeting *Aspergillus fumigatus,* was radiolabeled according to published methods [@B28]. Injection of the radiolabeled hJF5 was performed i.v. using 10 MBq per animal.

*In vivo* imaging techniques
----------------------------

**Positron emission tomography (PET):** High-resolution *in vivo* PET imaging was conducted using Inveon small-animal PET scanners (Siemens Healthcare, Erlangen, Germany). Analysis of the data was performed using PMOD software (PMOD Technologies Ltd., Zurich, Switzerland), and images for figures were prepared using Inveon Research Workplace software (Siemens Healthcare). PET radiotracer uptake is reported as the percentage of the injected dose (%ID) per gram of tissue, segmented manually using anatomical images (MRI or CT images). Briefly, list-mode data were reconstructed using an iterative ordered-subset expectation maximization (OSEM 2D), corrected for decay and normalized to the injected activity. Performance of the scanner is estimated as follows; spatial resolution of the reconstructed PET images: 1.4 mm, axial field-of-view: 12.7 cm, and transaxial field-of-view: 10 cm [@B29]. Approximately 10 MBq of ^64^Cu-GPVI-Fc was injected into the tail vein of arthritic and healthy mice, or approximately 30 MBq in the rat model experiments.

Twenty-minute static PET scans were initiated 1 h, 24 h or 48 h after radiotracer injection. Dynamic PET scans began at the time of radiotracer injection and continued for 50 min, and the data were divided into time frames to construct time-activity curves. Isoflurane (1.5 vol%) vaporized in 100% oxygen (1.5 L/min) was used for anesthesia throughout the imaging experiments. The animal\'s body temperature was kept constant at 37 °C during imaging and radiotracer uptake and monitored using a rectal temperature probe.

**Magnetic resonance (MR) imaging:** MR imaging was performed using a 7-T small-animal scanner (ClinScan; Bruker Biospin MRI GmbH, Ettlingen, Germany). Anesthesia was maintained during imaging using 1.5 vol% isoflurane vaporized in 100% oxygen with continuous respiration monitoring, which was also used to trigger MR imaging acquisition (model 1030; SAI Inc.). Imaging was performed using a T~2~-weighted 3-dimensional turbo spin-echo sequence with the following parameters : echo time/repetition time: 205/3,000 ms, field-of-view: 35 × 57 mm^2^, matrix: 160 × 256, slice thickness: 0.22 mm, flip angle: 120°.

**Computed tomography (CT):** Small-animal CT scans were performed using a combined high-resolution SPECT/CT scanner (Inveon; Siemens Healthcare, Erlangen, Germany) with 80-kVp X-rays and a 500-mA current. The animals were kept under anesthesia using 1.5 vol% isoflurane vaporized in 100% medical oxygen with continuous respiration monitoring. The exposure time per projection was 250 ms with a binning factor of 4, resulting in a reconstructed pixel size of 104 µm. Four hundred projections with over 200° of rotation in step-and-shoot mode were acquired. The final images were reconstructed using a cone-beam filtered back-projection algorithm.

Histology
---------

Mice were sacrificed immediately after the last imaging acquisition. For staining, tissues were fixed in formalin and embedded in paraffin. Next, 5-µm sections were cut using a microtome (Leica, Wetzlar, Germany) and stained with Hematoxylin and Eosin (H&E) according to standard procedures [@B26]. Masson-Goldner trichrome staining was performed using the Masson Goldner staining kit Nr. 100485 (Merck Millipore, Darmstadt, Germany). For Movat Pentachrome and Picro Sirius Red staining, paraffin-embedded samples were sectioned into serial sections 3-µm thick. The sections were deparaffinized in xylene and rehydrated by being washed with graded ethanol (100% - 70% v/v) to water. Picro Sirius Red staining was performed for 1 h in a 1:1 solution of 0.1% fast green (Fast Green FCF, Sigma-Aldrich) and 0.1% Sirius Red in saturated picric acid (Morphisto GmbH, Frankfurt am Main, Germany) as previously described [@B30]. The stained sections were cleared for 2 min in acidified water. The overall distribution of ECM components was evaluated as previously described (collagen, elastin and proteoglycans/glycosaminoglycans) [@B31]-[@B34]. After completing histological staining, the sections were dehydrated with ethanol, mounted and imaged with an Observer.Z1 light microscope (Carl Zeiss GmbH, Oberkochen, Germany.

Immunohistochemistry was performed using the following array of primary antibodies: anti-fibronectin (Abcam, Cambridge, United Kingdom, \# ab23750), anti-fibrinogen (DAKO, Jena, Germany, \# F 0111), anti-collagen I (Abcam, \# ab34710), anti-collagen II (Abcam, \# ab34712) and anti-collagen III (Abcam, \# ab7778), After washing, the sections were incubated for 60 min in the dark with the following secondary antibodies: anti-rabbit Cy3 (Dianova, Hamburg, Germany, \# 711-166-152) and anti-human IgG-FITC (Inova Diagnostics Inc., San Diego, CA, USA, \# 508113). Nuclei staining was performed using a 5-min incubation of either TO-PRO-3 (Molecular Probes, Darmstadt, Germant, \# T3605) or YO-PRO-1 (Molecular Probes, \# Y3603). Images were acquired on a Zeiss LSM 800 system (Carl Zeiss) using ZEN software or on a Leica TCS-SP/Leica DM RB confocal laser scanning microscope with Leica Confocal Software LCS (Version 2.61), depending on availability.

When applicable, an evaluation of the colocalization between GPVI-Fc and the extracellular matrix protein was performed with the results given using Pearson\'s correlation (r~p~) and Manders\' colocalization coefficients (M~1~, representing the fraction of ECM protein subtype bound to GPVI-Fc, and M~2~ representing the fraction of GPVI-Fc bound to the ECM protein subtype) [@B35].

Autoradiography
---------------

After sacrificing animals immediately after the last imaging timepoint, dissection was directly performed and the samples were embedded in the optimal cutting temperature compound (TissueTek, Sakura Finetek, Staufen im Breisgau, Germany) and frozen with a coolant spray. Autoradiography of 20-µm sections of the samples was performed using a Storage Phosphor Screen (Molecular Dynamics), scanned after 24 h of exposure time at a resolution of 50 µm/pixel with a STORM Phosphor-Imager (Molecular Dynamics).

Biodistribution
---------------

After cervical dislocation, *ex vivo* biodistribution studies were performed on the selected animals directly after the last time-point of PET imaging sessions. Several organs, including the paws, liver and lungs, were then taken from the specimen, put in a 5-mL tube and had their activity measured with a standard γcounter (Wizard single-detector-counter; Perkin Elmer, Rotgau, Germany). The results are normalized per weight and decay-corrected. The radioactivity standard was defined as a water-based solution with a known activity.

Statistical data analysis
-------------------------

Quantification data were analyzed using the GraphPad Prism software, and the results presented have been calculated as the geometric means ×÷ the geometric standard deviation factor (to be understood as: times or divided by, a×÷b = ab^±1^). P values were calculated using *t*-tests or Dunnett\'s test depending on the comparison hypothesis. P ≤ 0.05 indicates statistical significance. P values are indicated in the figures using \* (P ≤ 0.05), \*\* (P ≤ 0.01) and \*\*\* (P ≤ 0.001).

Results
=======

Synthesis of ^64^Cu-GPVI-Fc
---------------------------

**Figure [1](#F1){ref-type="fig"}B** shows a schematic structure of the fusion protein GPVI-Fc. ^64^Cu was obtained in small volumes of 0.1 N HCl of approximately 200 µL (3-10 MBq/µL). Radionuclidic purity was always far above 99.99%, the specific activities of ^64^Cu were approximately 350 GBq/µmol at the start of radiolabeling, and the tests for metal contamination (Fe, Ni, Co, Zn, Cu) gave overall values of approximately 75 nmol per batch (200 µL, n = 3). Radiolabeling of NOTA-GPVI consistently gave radiochemical purities of more 95% (Thin Layer Chromatography and SE-HPLC, n = 8), and product solutions were clear, colorless and free of visible particles at a pH of approximately 7.3. SE-HPLC showed no fragmentation or aggregation or other chemical impurities, bacterial endotoxins were less than 1 I.E./mL, and the sterility was verified. A specific activity of \~0.5 MBq/µg was routinely obtained for ^64^Cu-GPVI-Fc.

These data demonstrate the feasibility of ^64^Cu-labeling for GPVI using the chelator p-SCN-Bn-NOTA and the conjugation protocol as described.

Biodistribution in a healthy animal
-----------------------------------

Intravenous injection of labeled GPVI in a healthy mouse, displayed in **Figure [S1](#SM0){ref-type="supplementary-material"}**, shows a predominant ^64^Cu-GPVI-Fc accumulation in the liver at all timepoints (1 h, 24 h and 48 h). However, at the earliest timepoint, a significant portion of the radiotracer remained detectable in the blood circulation, as can be seen in the lungs, heart and jugular veins. At later timepoints, no specific organ besides the liver appeared to provide significant ^64^Cu-GPVI-Fc accumulation (notably, the heart, kidney, brain, and joints).

Contact hypersensitivity reaction
---------------------------------

First, we analyzed ^64^Cu-GPVI-Fc accumulation patterns in acute and chronic experimental cutaneous TNCB-induced DTHR, a T cell-driven contact hypersensitivity model. Experimental mice were sensitized with TNCB at the abdomen to induce DTHR, and TNCB was challenged seven days later at the right ear to elicit acute skin inflammation (acute TNCB-induced DTHR). To induce inflammation, mice were challenged with TNCB one or five times on the right ear (acute and chronic TNCB-induced DTHR, respectively). ^64^Cu-GPVI-Fc was injected i.v. 12 h after the 1^st^ and 5^th^ TNCB-ear challenge followed by static PET investigations. **Figure [2](#F2){ref-type="fig"}A** represents an experimental mouse asymmetrically TNCB-challenged (right ear) with unilateral chronic TNCB-induced cutaneous DTHR 24 h after ^64^Cu-GPVI-Fc injection. PET investigations revealed enhanced ^64^Cu-GPVI-Fc accumulation in the inflamed TNCB-challenged right ear compared to the healthy contralateral control ear. *Ex vivo* autoradiography confirmed our *in vivo* results (**Figure [S2](#SM0){ref-type="supplementary-material"}A**).

A quantitative analysis, presented in **Figure [2](#F2){ref-type="fig"}B**, indicates that 24 h after injection, the ^64^Cu-GPVI-Fc accumulation in chronically inflamed animal ears is approximately three-fold higher compared to both the control and DTHR models after a single TNCB challenge (1.20 ×÷ 1.29 vs 0.37 ×÷ 1.57 and 0.38 ×÷ 1.09 %ID/cc, respectively, p \< 0.0001), indicating a link between the stage of inflammation and radiotracer accumulation. As early as 1 h after ^64^Cu-GPVI-Fc injection into littermates with chronic inflammation, accumulation in the ears was low but still approximately three-fold higher compared to healthy (sensitized but not TNCB-challenged) contralateral control ears (0.40 ×÷ 1.60 vs 0.15 ×÷ 1.62 %ID/cc, p \< 0.05) (**Figure [S2](#SM0){ref-type="supplementary-material"}B**). Blocking experiments, performed by simultaneously injecting unlabeled GPVI-Fc, yielded a reduced ^64^Cu-GPVI-Fc accumulation 24 h after injection in animals that received 5 TNCB challenges (**Figure [2](#F2){ref-type="fig"}B**; 1.20 ×÷ 1.29 vs 0.91 ×÷ 1.23 %ID/cc, p \< 0.07). No reduction was evident at the 1-h timepoint. Dynamic PET images acquired during the first hour postinjection of ^64^Cu-GPVI-Fc suggest slow accumulation kinetics (**Figure [S2](#SM0){ref-type="supplementary-material"}C**). **Figure [2](#F2){ref-type="fig"}B** indicates significantly enhanced ^64^Cu-GPVI-Fc accumulation in the ear during chronic inflammation but not during acute inflammation. Acute cutaneous DTHR (after a single TNCB ear challenge) revealed similar ^64^Cu-GPVI-Fc accumulation patterns compared to healthy control animals (0.36 ×÷ 1.09 vs 0.37 ×÷ 1.57 %ID/cc) with no significant changes after blocking (**Figure [2](#F2){ref-type="fig"}B**). Movat and Masson Goldner stains of sections derived from chronically inflamed ears were performed to highlight connective tissue in light green and distinguish it from other tissue components such as muscle fibers and cells. The results are presented in **Figure [3](#F3){ref-type="fig"}** and demonstrate significantly larger areas of fibrous tissue between the epidermis and the auricular cartilage as well as an increased infiltration of inflammatory cells (predominantly neutrophils), compared to healthy tissue. Brightfield and birefringence images of Picro Sirius Red stains, highlighting connective tissue in red, correlated with this finding. Most importantly, fluorescence microscopy (nuclei (blue), fibronectin (red) and ^64^Cu-GPVI-Fc (green)) showed a remarkable colocalization (yellow) between fibronectin and ^64^Cu-GPVI-Fc (r~p~ = 0.41, M~1~ = 0.973, M~2~ = 0.847) (**Figure [3](#F3){ref-type="fig"}**).

Continuative fluorescence microscopy analysis of chronically inflamed ears revealed colocalization of ^64^Cu-GPVI-Fc with collagen fibers, mostly collagen type II and III, and collagen I to a lesser extent: r~p~ = 0.37, M~1~ = 0.808, M~2~ = 0.918; r~p~ = 0.08, M~1~ = 0.633, M~2~ = 0.731 and r~p~ = 0.03, M~1~ = 0.638, M~2~ = 0.554, respectively, albeit not as extensively as with Fibronectin (**Figure [S3](#SM0){ref-type="supplementary-material"}**, colocalization values above). In comparison, healthy tissue presented a minimal amount of fibrous tissue and almost no accumulation of ^64^Cu-GPVI-Fc, as visualized in **Figure [S3](#SM0){ref-type="supplementary-material"}**.

Rheumatoid arthritis model
--------------------------

As a next step, we investigated the potential of ^64^Cu-GPVI-Fc imaging to uncover tissue conversion including fibrosis in GPI-serum-induced experimental rheumatoid arthritis (RA), a T and B cell-independent experimental model of RA. **Figure [4](#F4){ref-type="fig"}A** shows representative PET images 1 h, 24 h and 48 h after ^64^Cu-GPVI-Fc injection i.v. into experimental mice before, 3 days after and 6 days after the onset of GPI-arthritis. A quantitative analysis, presented in **Figure [4](#F4){ref-type="fig"}B**, shows that hardly any radiotracer uptake was seen at 1 h, 24 h, and 48 h postinjection in the healthy ankles (3.8 ×÷ 1.9, 5.6 ×÷ 1.4, 7.5 ×÷ 1.4 %ID/cc, respectively). On the contrary, animals with an ongoing ankle swelling and inflammatory process (day 3 after RA induction by i.p. GPI-serum injection) displayed the highest and most stable ^64^Cu-GPVI-Fc accumulation in their inflamed joints at all timepoints post an i.v. radiotracer injection. While the ^64^Cu-GPVI-Fc signal was already high at 1 h postinjection (28.5 ×÷ 1.3 %ID/cc), it increased to reach a plateau with similar values 24 h and 48 h after radiotracer injection (46.3 ×÷ 1.2 and 43.3 ×÷ 1.2 %ID/cc, respectively). At 6 days after induction of RA, the point in time displaying the strongest ankle swelling (reflecting severe ankle inflammation) and ^64^Cu-GPVI-Fc uptake in the joints was markedly higher than that in healthy animals, but remained approximately two-fold lower than that in animals on day 3 with a similar plateau behavior (18.0 ×÷ 1.1, 25.6 ×÷ 1.1 and 23.1 ×÷ 1.1 %ID/cc at 1, 24 and 48 h post-radiotracer injection, respectively). Differences in ^64^Cu-GPVI-Fc uptake in inflamed ankles between the day 0, 3 and 6 groups are highly statistically significant relative to the control (p \< 0.0001 at all timepoints) and between acute and chronic exposure (p \< 0.005 at 1 h, p \< 0.0001 at 24 h and 48 h, respectively). At the end of the experiment, 48 h after ^64^Cu-GPVI-Fc injection into mice with severe arthritic ankle inflammation (6 days after the onset of GPI-arthritis), we performed a biodistribution analysis of the liver, spleen, blood, muscle and several joints derived from healthy and arthritic mice (**Figure [S4](#SM0){ref-type="supplementary-material"}A**).

We determined that there was a significantly increased ^64^Cu-GPVI-Fc uptake in inflamed paws and ankles of mice with GPI-arthritis but not in the paws and ankles of healthy mice (paws: 29.1 ×÷ 1.01 vs 6.2 ×÷ 1.06 %ID/g). A slight increase in ^64^Cu-GPVI-Fc accumulation was evident in the spleens and livers of arthritic mice when compared to healthy mice (spleen: 6.7 ×÷ 1.12 vs 3.6 ×÷ 1.07 %ID/g and liver: 16.2 ×÷ 1.06 vs 10.6 ×÷ 1.09 %ID/g), with no differences in the blood and muscle tissues (**Figure [S4](#SM0){ref-type="supplementary-material"}A**). Additionally, an autoradiography analysis of slices from arthritic ankles confirmed a significantly increased ^64^Cu-GPVI-Fc accumulation when compared to ankle slices from healthy mice (**Figure [S4](#SM0){ref-type="supplementary-material"}B**). This excludes the notion that the effect was solely caused by the partial volume effect due to thicker ankles. The first 50 min after i.v. ^64^Cu-GPVI-Fc injection (**Figure [S4](#SM0){ref-type="supplementary-material"}C**) indicate a continuous accumulation of the radiotracer in the target tissue. Blocking experiments (**Figure [4](#F4){ref-type="fig"}C**) performed on day 6 after the onset of GPI-arthritis demonstrated no blocking effect 1 h after ^64^Cu-GPVI-Fc injection, but a successful blocking was demonstrated by a significant decrease in radiotracer uptake in the arthritic animals coinjected with unlabeled GPVI-Fc compared to ^64^Cu-GPVI-Fc injected mice at 24 h and 48 h after radiotracer injection (21.8 ×÷ 1.20 vs 31.6 ×÷ 1.24 %ID/cc, p \< 0.0001 and 19.0 ×÷ 1.14 vs 28.2 ×÷ 1.31 %ID/cc, p \< 0.0001, respectively). The ^64^Cu-GPVI-Fc uptake values in arthritic ankles after blocking were almost similar to the uptake values of radiolabeled IgG1 isotype antibodies (hJF5 targeting *Aspergillus fumigatus*, absent in this model [@B28]) at 24 and 48 h after injection (16.1 ×÷ 1.04 and 14.8 ×÷ 1.05 %ID/cc, respectively). H&E as well as Masson\'s trichrome staining presented in **Figure [5](#F5){ref-type="fig"}A** confirmed severe joint inflammation with a pronounced infiltration of leucocytes and neutrophils and a significant increase in fibrous tissue deposition within the joint. Fluorescence microscopy presented in **Figure [5](#F5){ref-type="fig"}B** highlighted the distribution of ^64^Cu-GPVI-Fc (green) with a pronounced colocalization with Fibrinogen (r~p~ = 0.17, M~1~ = 0.769, M~2~ = 0.916) and Collagen III (r~p~ = 0.19, M~1~ = 0.815, M~2~ = 0.796) (shown in red, colocalization in yellow). A similar fluorescence microscopy experiment of a murine joint on day 3 after GPI induction of arthritis showed only very limited fibrosis, despite an intense GPVI-Fc presence (**Figure [S5](#SM0){ref-type="supplementary-material"}**). Using GPVI-Fc for fluorescence microscopy in the control and arthritic joints after cryo-sectioning of the sample, global staining of all fibrous and conjunctive tissue was achieved (**Figure [S6](#SM0){ref-type="supplementary-material"}**) with no differences in the distribution nor the intensity of the signal between samples.

Subchronic LPS-induced lung inflammation
----------------------------------------

As a model for acute inflammation, we chose the subchronic lipopolysaccharide (LPS)-induced lung inflammation model. Acute lung inflammation was induced by intratracheal deposition of lipopolysaccharide in rats. We conducted PET imaging of rats with acute LPS-induced lung inflammation 1 h, 24 h and 48 h after an i.v. ^64^Cu-GPVI-Fc injection (**Figure [6](#F6){ref-type="fig"}A**). We used lung segmentation on the CT image to highlight the targeted organ in the PET image, showing a low-to-moderate and uneven distribution of ^64^Cu-GPVI-Fc. As indicated in **Figure [6](#F6){ref-type="fig"}B**, the ^64^Cu-GPVI-Fc accumulation remained low at all timepoints, close to the background level. However, the 1 h timepoint presented a two-fold signal increase compared to 24 and 48 h (1.32 ×÷ 1.27, 0.55 ×÷ 1.97 and 0.59 ×÷ 1.97 %ID/cc, respectively). Blocking experiments by simultaneous injection of unlabeled GPVI-Fc revealed no significant difference in ^64^Cu-GPVI-Fc accumulation at the site of inflammation at all measured timepoints after radiotracer injection (1.44 ×÷ 1.31, 0.79 ×÷ 1.29 and 0.91 ×÷ 2.01 %ID/cc). In a test animal with an asymmetrical inoculation of LPS (right lobe inoculated, left lobe naïve), a difference in the ^64^Cu-GPVI-Fc accumulation was found as shown in **Figure [6](#F6){ref-type="fig"}C**. This difference was, however, only present at the 24 h and 48 h timepoints (1.91 vs 0.36 and 1.84 vs 0.47 %ID/cc, respectively, n = 1), as 1 h after the injection, the signal remained similar in both lobes (2.02 vs 1.82 %ID/cc).

Experimental model of multiple sclerosis
----------------------------------------

Lastly, we investigated a T cell-driven experimental model of multiple sclerosis, called experimental autoimmune encephalomyelitis (EAE). EAE was induced by an injection of a PLP emulsion in CFA with pertussis toxin. We conducted noninvasive *in vivo* ^64^Cu-GPVI-Fc-PET measurements 3 days after the onset of EAE. **Figure [7](#F7){ref-type="fig"}A** shows that, similar to the LPS-induced lung inflammation model, liver accumulation due to the metabolic pathway of ^64^Cu-GPVI-Fc-PET is dominant 1 h after injection. **Figure [7](#F7){ref-type="fig"}B** indicates that there is almost no difference between the diseased and healthy control mice as early as 1 h after ^64^Cu-GPVI-Fc injection in the animals\' spinal cords (2.87 ×÷ 1.15 vs 3.58 ± 1.26 %ID/cc, respectively), achieving the highest signal in the time span of the investigation. A significant difference 24 h after injecting ^64^Cu-GPVI-Fc was observed (1.66 ×÷ 1.18 vs 3.02 ×÷ 1.24 %ID/cc, respectively, p \< 0.01), reducing in value 48 h after the injection (1.93 ×÷ 1.22 vs 2.74 ×÷ 1.21 %ID/cc, respectively) with a low statistical significance (p \< 0.07). *Ex vivo* biodistribution investigations performed 48 h after the radiotracer injection (**Figure [7](#F7){ref-type="fig"}C**) confirmed the similar accumulation of ^64^Cu-GPVI-Fc in the spinal cord at a late timepoint in the control and EAE animals (0.74 ×÷ 1.04 vs 0.65 ×÷ 1.35 %ID/g). However, while the brain signal remained too low for detection *in vivo*, *ex vivo* quantification of radiotracer accumulation by gamma-counting revealed a significant, albeit low, difference in accumulation between healthy and EAE animals (0.19 ×÷ 1.15 vs 0.38 ×÷ 1.20 %ID/g respectively).

Discussion
==========

Herein, we present methods for imaging inflammation and induced fibrosis, enabled by the use of a radiolabeled ECM-targeting fusion protein, ^64^Cu-GPVI-Fc. Our data demonstrate the specific active targeting of the fusion protein to fibrotic sites during chronic inflammation *in vivo*, with a correlation between inflammation intensity and characteristics and radiotracer accumulation. A histological analysis confirmed the binding of GPVI-Fc to the exposed ECM in a nonselective manner, with partial colocalization with fibronectin, fibrinogen and different subtypes of collagen (I, II and III).

As an adhesion protein expressed by platelets, GPVI plays a crucial role in the process of thrombosis [@B36], notably in atherosclerotic lesions. The soluble dimeric fusion protein GPVI-Fc, initially designed as an antithrombotic, was shown to exhibit a high affinity towards collagen in various studies [@B37]. Radioactive or fluorescence labeling enabled the visualization of vascular injury in the carotid arteries and the aortic arch of mice, notably with optical imaging [@B38] and PET [@B21], [@B39]. It was later shown that GPVI binds not only to collagen fiber but also to most ECM proteins [@B19], [@B20]. Surprisingly, this was not capitalized on for a broader application of the fusion protein, and very limited attention was given to other fibrotic diseases, particularly auto-immune inflammatory diseases in which fibrosis leads to pain and/or reduced function of the organ.

As antibodies\', and by extension fusion proteins\', circulation times span days, long-lasting isotopes were needed to provide a complete picture of the distribution of the radiotracer after injection. ^64^Cu, with a physical half-life of 12.7 h and accessible conjugation chemistry, was selected as the most promising labeling route. By producing extensive in-house amounts of high-quality ^64^Cu-GPVI-Fc, we were able to perform a systematic study of the potential of GPVI-Fc as an imaging tool for documenting the extent of inflammation and fibrotic events in various inflammatory diseases. To obtain excellent radiolabeling results, the minimization of contamination with bi- and tri-valent metal ions is essential during this process and could be achieved here using EDTA and Chelex 100 as scavengers. A first attempt at the conjugation of GPVI using NOTA-NHS-ester gave unsatisfactory results; so, p-SCN-Bn-NOTA was chosen as the chelating agent. The advantage of NOTA vs. DOTA for the chelation of ^64^Cu was already discussed elsewhere [@B40], [@B41].

It can be expected that using a 15x molar excess of chelator for conjugation will result in 2-5 chelators per protein molecule, as we found in conjugation experiments with other proteins (unpublished results). Further quality control of NOTA-GPVI showed neither fragmentation nor aggregation in SE-HPLC, nor other chemical impurities. Radiolabeling of the synthesized NOTA-GPVI gave excellent radiolabeling results, proving the adequate quality of this product. The endotoxin content was well below the pharmacopoeia limits.

By evaluating ^64^Cu-GPVI-Fc in several preclinical models, we could draw attention to the variety and accessibility of the binding sites of GPVI for circulating fusion proteins. The cutaneous delayed-type hypersensitivity model used here allows easy access to both phases (acute, with a single TNCB challenge and chronic with 5+) [@B22]. By monitoring the distribution of ^64^Cu-GPVI-Fc in both cases, we could clearly see that acute inflammation, i.e., devoid of novel accessible fibrous tissue, does not generate ^64^Cu-GPVI-Fc accumulation. Conversely, chronic dermatitis and its associated scarring showed increased accumulation and retention through the distribution of the radiotracer. *Ex vivo* staining confirmed not only the accumulation of ^64^Cu-GPVI-Fc in the fibrotic areas but also highlighted its affinity for a broad array of fibrous connective tissue proteins with significant overlay with multiple types of collagen and fibronectin. The similar absence of any accumulation of ^64^Cu-GPVI-Fc in the control and acute inflammation ears is most likely due to the very limited thickness, swelling and vascularization of the target organ, which does not allow for the proper visualization of a possible passive targeting (i.e., not affinity-driven) to the site of inflammation after extravasation. However, during chronic inflammation, the exposed and newly formed ECM combined with the increased permeation of the blood vessels, allowing ^64^Cu-GPVI-Fc to reach and bind to its target and accumulate sufficiently for PET detection. While the blocking experiments did not show a major reduction in ^64^Cu-GPVI-Fc accumulation in the chronically inflamed ears, it can be explained by seeing the ^64^Cu-GPVI-Fc accumulation as the sum of unspecific extravasation and specific binding; after 5 challenges, the ears present a massive amount of immune cell infiltrates, which correlates to a passive accumulation of ^64^Cu-GPVI-Fc as well as a very important scaring that allows for a large amount of accessible fibrotic tissue. As the chosen blocking model is a simultaneous injection of radiolabeled and unlabeled GPVI-Fc, akin to a competition experiment, all binding sites remain accessible for both of the injected fusion proteins, which results in a significant amount of signal remaining detectable, even during the blocking experiment.

As a second step and in order to visualize both the active targeting and passive targeting components of ^64^Cu-GPVI-Fc affinity for inflammatory sites, we used a GPI-serum-induced RA model, characterized by its reproducibility and quick onset [@B42]. RA is characterized by an increased permeation of the synovia, particularly during the first few days after induction, as visualized for diagnostic purposes clinically with Gd-enhanced MRI [@B43], disruption of the cartilage and bone, significant infiltration of inflammatory cells and the creation of a fibrous cap within the joint [@B44], [@B45], as shown in the histology images. We found that in certain heavily arthritic animals that exhibited advanced pathological symptoms, such as redness, swelling and loss of mobility, the accumulation of ^64^Cu-GPVI-Fc could reach up to 40% of the injected doses in specific joints (ankles and paws), while the control animals remained at around 5%. The contrast improvement between arthritic and healthy animals appeared higher 3 days after induction rather than after 6 days, which we believe is mostly due to passive accumulation during this intense swelling (and thus, it is highly prone to extravasation and retention) sequence of the model, as the microscopic evaluation did not show any excess fibrous tissue. This result points at a significant contrast ratio enhancement for a fibrosis-based assessment of disease progression and suggests a very high sensitivity as well as possibilities for early detection and therapy monitoring, which are outside the scope of this study. To discriminate between active and passive targeting, blocking experiments (simultaneously injecting unlabeled GPVI-Fc) and control isotype experiments were performed. Interestingly, accumulation in the inflamed joints during blocking and isotype experiments remained significantly higher than in healthy joints 48 h after injection but lower than in RA animals injected solely with ^64^Cu-GPVI-Fc. This can be explained by the high permeability of the synovia, which led to permeation and retention of large molecules in the capsule. This effect is routinely used as an RA staging method, using a Gd-based contrast agent in MRI, and may be described as a passive targeting property of the fusion protein. The 1.5- to 2-fold difference in accumulation between solely injected ^64^Cu-GPVI-Fc and blocking/isotype experiments clearly points at active binding to fibrous tissue in the inflamed joint, driving its accumulation and retention, as confirmed by histological staining of excised tissue. This can also explain the lack of uniformity in the fluorescence images of GPVI bindings sites, as extravasation and diffusion ("passive" targeting) are required as the first steps before ^64^Cu-GPVI-Fc can effectively recognize and bind to its target, effectively limiting the extent of staining within such a dense network of fibers. Similar to the DTHR experiments, ^64^Cu-GPVI-Fc was found colocalized to multiple types of fibrous fibers, explaining its high concentration in the fibrous cap. Direct *ex vivo* post-slicing staining of thin ankle sections with GPVI-Fc revealed no specific staining in inflamed tissue compared to healthy ankles, with a homogeneous staining of the entire fibrous tissue present in the sample. As slicing exposes all possible GPVI-Fc binding sites during immunohistological procedures, this further indicates a correlation between an accumulation of GPVI-Fc and target accessibility, i.e., exposure of the ECM protein to circulating GPVI-Fc.

To uncover the potential of ^64^Cu-GPVI-Fc in pathologies with distinct progression characteristics, we first selected subchronic LPS-induced lung inflammation as an example of acute inflammation caused by exogenous pathogens [@B46]. At an early stage (less than 72 h after LPS induction), no recruitment of fibroblast occurred, even in models using several LPS-hits [@B47]. As such, no fibrosis is expected. In our experiments, this is reflected by the absence of retention of ^64^Cu-GPVI-Fc in the lungs. While the PET signal was measured close to 1.5%ID/cc in the initial hours following injection, partly justified by the large vascularization of the organ and general vascular modifications caused by inflammation, the level of ^64^Cu-GPVI-Fc in the organ quickly diminished to a low value (approximately 0.5 %ID/cc 24 and 48 h after injection). Similar to the DTHR model, this underlines the lack of fibrotic events in the acute stages of inflammation. However, the lung model benefits from extensive vascularization from the bronchia, with the good perfusion explaining the signal 1 h after injection. However, quantification remains difficult due to the proximity to the liver, comprising the favored metabolic route of the radiotracer and thus emitting a strong signal at all timepoints, as could be seen in the biodistribution assays in healthy animals.

The second specific model, EAE, presents a high inflammation localized during its first stage in the spinal cord and is evolving towards the brain, with a potential scar formation in response to severe tissue damage [@B48]. This fibrosis is particularly located around vascular capillaries, which is a distinct setting from RA and DTHR [@B49]. Using ^64^Cu-GPVI-Fc, we can observe a clear difference in the behavior of the radiotracer in control (healthy) and EAE animals. While the initial timepoints show approximately 3%ID/cc in both cases, later timepoints indicate a longer retention time in the spine of the diseased animals. This is coherent with a fibrosis located predominantly around the blood vessels, with the fusion protein binding in close proximity to the endothelial wall and not being washed out by the circulating blood flow as quickly as in the control animals. Similar to other models, 24 h postinjection appeared to provide the most significance as a diagnostic mean.

Taken together, ^64^Cu-GPVI-Fc has shown outstanding promise as an imaging tool for visualizing fibrosis alongside extravasation caused by chronic inflammation. With multiple specific binding sites within the ECM fibers family, it allowed for a broad overview of the disruption and creation of the ECM in several example pathologies, relying on passive targeting via extravasation at early timepoints after injection and retention as well as active targeting onto protein fibers for prolonged contrast enhancement starting 24 h after injection. Such an approach would provide valuable information in a variety of settings, such as imaging the fibrous cap during rheumatoid arthritis or internal organ scaring postsurgery, monitoring fibrosis development around biomaterial implants known to hinder their efficacy, providing a molecular insight *in vivo* into liver cirrhosis, or delineating fibrous tissue from cancerous tumors in a variety of stroma-driven cancers (e.g., pancreatic cancer). Furthermore, we envision GPVI-Fc-based imaging as a powerful tool to monitor the efficiency of treatment, whether surgical or drug-based, by relying on repeated imaging sessions, hopefully serving as a tool to validate a therapy choice before symptoms subside or worsen. For these uses, two specific cases seem to have great potential: first, idiopathic lung fibrosis, a noninflammatory fibrosis-driven disease that is currently difficult to diagnose; second, the visualization of peritoneal scaring after surgical removal of tumors in the vicinity, as fibrotic plaque favors metastases implantation. A potential improvement in the technique of attempting fibrosis-selective imaging, not combined with extravasation and retention of the contrast agent, could lie in the use of isotopes with longer half-lives for labeling, such as ^89^Zr. A longer imaging window would allow for sufficient time for the extravasation and retention effect to wear off, with the non-ECM-bound fusion protein being excreted, leaving only the fibrosis-specific fraction to provide PET contrast. Proper clinical translation of the entire radiotracer would, however, require careful examination of the respective affinity of GPVI and of Fc fragments to their targets, as a human Fc fragment is involved in an immune reaction and could shift the targeting balance of the GPVI-Fc fusion protein away from the pure ECM protein fibers. However, strategies are already available to circumvent this issue, using a slight modification of the Fc fragment to negate its affinity toward Fc receptors.
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![**Glycoprotein-VI (GPVI), fusion protein of GPVI with Immunoglobulin 1 Fc domain (GPVI-Fc) and \[^64^Cu\]Cu-NOTA-GPVI-Fc (^64^Cu-GPVI-Fc). (A)** The GPVI is expressed by platelets and displays a high collagen affinity. **(B)** GPVI-Fc binds to extracellular matrix fibers and prevents platelet aggregation. ^64^Cu-GPVI-Fc is obtained by conjugation of GPVI-Fc to the chelator p-SCN-Bn-NOTA and complexation using a ^64^CuCl~2~ solution. GPIb: glycoprotein Ib; GPVI: glycoprotein-VI; IgG: immunoglobulin; vWF: von Willebrand factor.](thnov09p2868g001){#F1}

![**^64^Cu-GPVI-Fc in cutaneous delayed-type hypersensitivity reaction (DTHR). (A)** Representative section images of ^64^Cu-GPVI-Fc distribution 24 h after injection in an animal presenting unilateral DTHR with *in vivo* CT (top), highlighting the inflamed (dashed circle, right) ear and the contralateral unstimulated ear (dotted circle, left), PET (middle) and overlay (bottom). The ears were laid flat on the holder surface during acquisition. **(B)** Accumulation of ^64^Cu-GPVI-Fc 24 h after injection in control animal ears (Control, n=3) or after 1 (Acute, Ac., n=3) or 5 inflammatory challenges leading to DTHR (Chronic, Ch., n=6). The results obtained with a coinjection of nonradioactive Cu-GPVI-Fc for each group are indicated (Blocked). They are shown as single values with geometric means and a geometric standard deviation. P values are indicated using \* (P ≤ 0.05), \*\* (P ≤ 0.01) and \*\*\* (P ≤ 0.001). % ID/cc: percentage of injected dose per cubic centimeter.](thnov09p2868g002){#F2}

![**GPVI-Fc distribution at the microscopic scale in a cutaneous delayed-type hypersensitivity reaction (DTHR) model.** Movat (top left) and Masson (bottom left) staining of sections of chronically inflamed DTHR ears. Fluorescence images of nuclei (blue), fibronectin (red) and glycoprotein-VI fusion protein (GPVI-Fc) (green) distribution in histological samples (top middle), with selected overlay of fibronectin and GPVI-Fc (yellow) (bottom middle). Bright field image of Picro Sirius stain (top right), along with an image of the same sample observed under polarized light. Scale bar: 150 µm.](thnov09p2868g003){#F3}

![**^64^Cu-GPVI-Fc in Rheumatoid Arthritis (RA). (A)** Representative *in vivo* PET images of ^64^Cu-GPVI-Fc distribution 1 h (top row), 24 h (middle row) and 48 h (bottom row) after injection in a mouse before (left column), 3 days (middle column) and 6 days (right column) after anti-glucose-6-phosphate isomerase (GPI) stimulation. **(B)** Accumulation kinetics of ^64^Cu-GPVI-Fc in animals on day 0, 3 and 6 of GPI serum stimulation 1 h, 24 h and 48 h after tracer injection (n=3 animals, both sides). **(C)** Accumulation profile of ^64^Cu-GPVI-Fc in RA animals on day 6 after stimulation 1 h, 24 h and 48 h after injection of ^64^Cu-GPVI-Fc alone (Ref., n=13 animals, both sides), with nonradioactive Cu-GPVI-Fc co-injection (Blck. n=7) and of a labeled isotype antibody (Iso. n=3). The results are shown as single values with a geometric means and geometric standard deviation. P values are indicated using \* (P ≤ 0.05), \*\* (P ≤ 0.01) and \*\*\* (P ≤ 0.001). % ID/cc: percentage injected dose per cubic centimeter.](thnov09p2868g004){#F4}

![**Microscopic view of ^64^Cu-GPVI-Fc in the ankles of rheumatoid arthritis mice. (A)** Histological stains of the ankle of an RA animal on day 6 after stimulation. Left: hematoxylin and eosin (H&E) stain, right: Masson stain (top: 12.5x, bottom 200x magnification). **(B)** Fluorescence image overlay of nuclei (blue), GPVI-Fc (green) and fibrinogen (left, red) or collagen III (right, red). Bottom: selected overlay of GPVI-Fc and fibrinogen or collagen (yellow) for the fluorescence images.](thnov09p2868g005){#F5}

![**^64^Cu-GPVI-Fc in a lipopolysaccharide (LPS)-induced lung inflammation model. (A)** Representative *in vivo* images of the distribution of ^64^Cu-GPVI-Fc in a lung inflammation model in rats with CT image (left), PET image (middle) and PET overlaid on CT background (right) 48 h after tracer injection. Lungs are highlighted with a dashed white outline. **(B)** Accumulation kinetics of ^64^Cu-GPVI-Fc in LPS-induced bilateral lung inflammation injected alone (LPS, n=12) or alongside nonradioactive Cu-GPVI-Fc (n=4) in the lungs observed by PET *in vivo*. Results shown as single values with a geometric mean and geometric standard deviation. **(C)** Accumulation kinetics of ^64^Cu-GPVI-Fc in LPS-induced unilateral lung inflammation in one example animal. % ID/cc: percentage injected dose per cubic centimeter.](thnov09p2868g006){#F6}

![**^64^Cu-GPVI-Fc in an experimental autoimmune encephalomyelitis (EAE) model. (A)** Representative images of ^64^Cu-GPVI-Fc accumulation in the spine of an EAE model (top) and control animal (bottom) acquired by PET and overlaid on MRI data. Brain: outlined by a pointed line. Spine location: dashed line. **(B)** Accumulation kinetics of ^64^Cu-GPVI-Fc in the spine of control animals (ctrl, n=4) and EAE animal model (n=3). Results shown as single values with a geometric mean and geometric standard deviation. **(C)** Biodistribution of ^64^Cu-GPVI-Fc measured *ex vivo* in an EAE model (EAE, n=3) and in control animals (Ctrl, n=4) in the brain and in the spinal cord. Average values and standard deviations are shown. P values are indicated using \* (P ≤ 0.05), \*\* (P ≤ 0.01) and \*\*\* (P ≤ 0.001). % ID/cc: percentage injected dose per cubic centimeter.](thnov09p2868g007){#F7}
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